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We present evidene for a new supersymmetri quartet in the A ∼ 190 region of the nulear mass
table. New experimental information on transfer and neutron apture reations to the odd-odd
nuleus
194
Ir strongly suggests the existene of a new supersymmetri quartet, onsisting of the
192,193
Os and
193,194
Ir nulei. We make expliit preditions for the odd-neutron nuleus
193
Os, and
suggest that its spetrosopi properties be measured in dediated experiments.
PACS numbers: 21.60.-n, 11.30.Pb, 03.65.Fd
I. INTRODUCTION
Nulear supersymmetry is a omposite partile phe-
nomenon that should not be onfused with fundamental
supersymmetry, as used in partile physis and quan-
tum eld theory, where it is postulated as a generaliza-
tion of the Lorentz-Poinaré invariane as a fundamental
symmetry of Nature and predits the existene of super-
symmetri partiles, suh as the photino and the sele-
tron, for whih, however, experimental evidene is yet
to be found. If experiments about to start at the LHC
at CERN nd evidene of supersymmetri partiles, the
supersymmetry would be badly broken, as their masses
must be muh higher than those of their normal partners.
In ontrast to partile physis, nulear supersymmetry
has been subjeted to experimental veriation.
Nulear supersymmetry was proposed more than
twenty ve years ago [1℄ in the ontext of the interating
boson model (IBM) and the interating boson-fermion
model (IBFM) whih have proved remarkably suessful
in providing a unied framework of even-even [2℄ and
odd-even nulei [3℄, respetively. One of its most at-
trative features is that it gives rise to a simple alge-
brai desription, in whih dynamial symmetries and
supersymmetries play a entral role, both as a way to
improve our basi understanding of the importane of
(super)symmetry in nulear dynamis, and as a starting
point for more preise alulations. Nulear supersym-
metry provides a theoretial framework in whih dier-
ent nulei are treated as members of the same supermul-
tiplet and whose spetrosopi properties are desribed
by a single Hamiltonian and a single set of transition and
transfer operators.
∗
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Originally nulear supersymmetry was formulated as
a symmetry among pairs of nulei onsisting of an even-
even and an odd-even nuleus [1, 4, 5℄. Subsequently,
by inluding the neutron-proton degree of freedom it
was extended to quartets of nulei, in whih an even-
even, an odd-proton, an odd-neutron and an odd-odd
nuleus form a supermultiplet [6℄. Supersymmetry im-
poses strong onstraints on both the olletive (bosoni)
and the single-partile (fermioni) degrees of freedom.
Nevertheless, various nulei have been identied as ex-
amples. The odd-odd nuleus
196
Au, together with the
odd-neutron nuleus
195
Pt, the odd-proton nuleus
195
Au
and the even-even nuleus
194
Pt, have been veried ex-
perimentally using state-of-the-art tehniques [7, 8, 9℄
to losely fulll the rules that dene a supersymmetri
quartet [6, 10℄. The interpretation of these four nulei
as members of a supersymmetri quartet made it possi-
ble to predit [6℄ the properties of
196
Au almost 15 years
before they were measured experimentally [7, 8℄.
It is the purpose of this paper to present evidene for
the presene of a new quartet of supersymmetri nulei in
the mass A ∼ 190 region, onsisting of the 192,193Os and
193,194
Ir nulei. The evidene is based both on energies
and transfer strengths.
II. SUPERSYMMETRIC QUARTET OF NUCLEI
The A ∼ 190 region of the nulear mass table is a
partiularly omplex one, displaying transitional behav-
ior suh as prolate-oblate deformed shapes, γ-unstability,
triaxial deformation and/or oexistene of dierent on-
gurations whih present a daunting hallenge to nulear
struture models. Despite this omplexity, the A ∼ 190
mass region has been a rih ore of empirial evidene for
the existene of dynamial symmetries and supersym-
metries in nulei both for even-even, odd-proton, odd-
neutron and odd-odd nulei, as well as for supersymmet-
2ri pairs [1, 4, 5℄ and quartets of nulei [6, 7, 8, 9, 11℄.
In addition to providing a unied desription of olle-
tive nulei, the dynamial (super)symmetries of the IBM
and its extensions provide a powerful tool to unravel and
lassify the spetra of omplex nulei by means of a set
of losed expressions for energies, eletromagneti tran-
sition rates and spetrosopi fators for one- and two-
nuleon transfer reations, whih an be used to analyze,
lassify and interpret the experimental data. As an ex-
ample, we mention the interpretation of the
194,195
Pt and
195,196
Au nulei as members of a supersymmetri quartet
with U(6/12)ν⊗U(6/4)pi supersymmetry [6, 7℄, in whih
the odd proton is allowed to oupy the 2d3/2 orbit of
the 50-82 shell, and the odd neutron the 3p1/2, 3p3/2 and
2f5/2 orbits of the 82-126 shell. This supermultiplet is
haraterized by Npi = 2 and Nν = 5. In this sheme,
the exitation spetra of the four nulei that onstitute a
quartet are desribed simultaneously by a single energy
formula
E = A [N1(N1 + 5) +N2(N2 + 3) +N3(N3 + 1)]
+B
[
Σ1(Σ1 + 4) + Σ2(Σ2 + 2) + Σ
2
3
]
+B′
[
σ1(σ1 + 4) + σ2(σ2 + 2) + σ
2
3
]
+C [τ1(τ1 + 3) + τ2(τ2 + 1)]
+DL(L+ 1) + E J(J + 1) , (1)
using the same values of the oeients A, B, B′, C, D
and E for all four nulei. The rst three terms in Eq. (1)
orrespond to vibrational exitations and the nal three
to rotations.
Reently, the struture of the odd-odd nuleus
194
Ir
was investigated by a series of transfer and neutron ap-
ture reations [12℄. The odd-odd nuleus
194
Ir diers
from
196
Au by two protons, the number of neutrons be-
ing the same. The latter is ruial, sine the dominant
interation between the odd neutron and the ore nu-
leus is of quadrupole type, whih arises from a more
general interation in the IBFM for very speial values of
the oupation probabilities of the 3p1/2, 3p3/2 and 2f5/2
orbits, i.e. to the loation of the Fermi surfae for the
neutron orbits [13℄. This situation is satised to a good
approximation by the
195
Pt and
196
Au nulei whih both
have the 117 neutrons. The same is expeted to hold for
the isotones
193
Os and
194
Ir. In partiular, the new data
from the polarized (~d, α) transfer reation provided ru-
ial new information about and insight into the struture
of the spetrum of
194
Ir whih led to signiant hanges
in the assignment of levels as ompared to previous work
[14℄. Theoretially, the levels of this nuleus were inter-
preted suessfully in terms of a dynamial symmetry in
odd-odd nulei [12℄.
The suessful desription of the odd-odd nuleus
194
Ir
opens the possibility of identifying a seond quartet of nu-
lei in the A ∼ 190 mass region with U(6/12)ν⊗U(6/4)pi
supersymmetry. The new quartet onsists of the nulei
192,193
Os and
193,194
Ir and is haraterized by Npi = 3
and Nν = 5. The energy spetra of the quartet of nu-
lei are desribed simultaneously by the energy formula
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Figure 1: (Color online) Comparison between the theoretial
and experimental spetrum of the even-even nuleus
192
Os.
The theoretial spetrum is alulated for the Uν(6/12) ⊗
Upi(6/4) supersymmetry sheme with Eq. (1). The param-
eter values are given in Table I.
of Eq. 1 with a single set of parameters. The pair of nu-
lei
192
Os-
193
Ir has been studied as an example of U(6/4)
supersymmetry by Bars, Balantekin and Iahello [4℄ who
found that the rotational levels in both nulei an be
desribed to a good approximation by C = 40 keV and
D + E = 10 keV. The JP = 0+ state at 1206 keV in the
even-even nuleus
192
Os is interpreted as a vibrational
exitation, leading to B + B′ = −33.5 keV, whereas the
JP = 32
+
state at 460 keV in the odd-proton nuleus
193
Ir
has been identied as the bandhead of a vibrational ex-
itation, whih gives B′ = −25.5 keV. More reently, the
odd-odd nuleus
194
Ir was studied both experimentally
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Figure 2: (Color online) As Fig. 1, but for the odd-neutron
nuleus
193
Os.
and theoretially in Ref. [12℄. The rotational levels were
desribed by C = 35.1 keV, D = 6.3 keV and E = 4.5
keV, in good agreement with the values determined pre-
viously for
192
Os-
193
Ir. The available experimental in-
formation on
194
Ir allowed to determine two of the three
vibrational terms, A+B = 35 keV and B′ = −33.6 keV.
Finally, in absene of detailed experimental information
on the odd-neutron nuleus
193
Os, this nuleus was not
taken into aount in the t. A simultaneous t to the
energy levels in
192
Os,
193
Ir and
194
Ir with the energy for-
mula of Eq. (1) gives A = 41.0, B = −6.0, B′ = −29.0,
C = 38.0, D = 6.3 and E = 4.5 (all in keV).
The main dierene with the parametrization of [14℄
is due to the new experimental information on the odd-
odd nuleus
194
Ir, whih has led to an interhange in
Table I: Values of the parameters in keV
A B B′ C D E Ref.
Os-Ir 41.0 6.0 29.0 38.0 6.3 4.5 Present
Os-Ir 63.0 9.3 24.2 36.1 5.1 15.9 [14℄
Pt-Au 52.5 8.7 53.9 48.8 8.8 4.5 [8℄
the assignments of the ground band and the rst exited
bands in
194
Ir [12℄. The tted values of B, B′, C and D+
E are essentially the same, sine in both studies they are
determined from the energy spetra of the pair of nulei
192
Os-
193
Ir. The dierene in the values of A and D (or
E) arises from the fat that in [14℄ they were extrated
from the (sare) experimental information on the odd-
neutron nuleus
193
Os, whereas in the present study we
used the new detailed experimental data on the odd-odd
nuleus
194
Ir to determine their values. In addition, the
present parameter set is loser to the parameter values
determined for the quartet
194,195
Pt-
195,196
Au [8℄ than
[14℄ (see Table I), indiating systematis in this zone of
the nulear hart.
In Figs. 1-4, we show a omparison between the exper-
imental and theoretial spetra for the quartet of nulei
192,193
Os-
193,194
Ir in the U(6/12)ν ⊗ U(6/4)pi supersym-
metry sheme. Given the omplex nature of the spetrum
of heavy nulei in the mass A ∼ 190 region, and in parti-
ular that of the odd-odd nulei, the agreement is remark-
able. There is an almost one-to-one orrelation between
the experimental and theoretial level shemes. Whereas
the even-even nuleus
192
Os, the odd-proton nuleus
193
Ir
and the odd-odd nuleus
194
Ir are well-known experi-
mentally, the data on the odd-neutron nuleus
193
Os are
rather sare. In Fig. 2 we show the predited spetrum
for
193
Os as obtained from Eq. (1) using the parameter
set determined from a t to the nulei
192
Os and
193,194
Ir.
The ground state of
193
Os has spin and parity JP =
3
2
−
, whih implies that the seond band with labels
[7, 1], 〈7, 1, 0〉 is the ground state band, rather than [8, 0],
〈8, 0, 0〉. The assignment of levels in Fig. 2 is based in
part on preliminary data from the
192
Os(~d, p)193Os one-
neutron transfer reation [15℄ whih shows that the j = 12
strength goes to the state at 234 keV, whereas the j = 32
and j = 52 transfers are predominantly to the states at
103 and 73 keV, respetively. The JP = 32
−
ground state
is populated very weakly, whereas the rst exited state
at 41 keV is not seen at all in this reation.
Theoretially, these transfer reations are desribed
by the fermioni generators of the superalgebra whih
hange a boson into a fermion. In a study of the strip-
ping reation
194
Pt→ 195Pt in whih the initial and nal
nuleus have the same number of neutrons as for
192
Os→
193
Os, it was found that the intensities for j = 12 transfers
are desribed by the operator [16℄
P
( 1
2
) †
ν =
α 1
2√
6
[(
s˜νa
†
ν, 1
2
)( 1
2
)
−√2
(
d˜νa
†
ν, 3
2
)( 1
2
)
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Figure 3: (Color online) As Fig. 1, but for the odd-proton
nuleus
193
Ir.
+
√
3
(
d˜νa
†
ν, 5
2
)( 1
2
)
]
. (2)
Aording to the seleion rules, only the JP = 12
−
state
with (τ1, τ2) = (0, 0), L = 0 of the symmetri band with
[8, 0], (8, 0, 0) are populated. This suggests to identify
the energy level at 234 keV,with this state.
The one-neutron j = 32 ,
5
2 transfer are desribed by
the operators
P (j) †ν =
αj√
2
[
(s˜νa
†
ν,j)
(j) − (d˜νa†ν, 1
2
)(j)
]
. (3)
This operator an exite the JP = 32
−
,
5
2
−
doublets with
(τ1, τ2) = (1, 0), L = 2 belonging to the bands with [8, 0],
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Figure 4: (Color online) As Fig. 1, but for the odd-odd nuleus
194
Ir.
(8, 0, 0) and [7, 1], (7, 1, 0) (see Figures 1-2). Sine ratios
of intensities do not depend on the value of the oeient
αj and provide a diret test of the wave funtions, we
onsider the ratio R for the exitation of the doublet of
the band with [N − 1, 1], (N − 1, 1, 0) relative to that of
the symmetri band [N , 0], (N , 0, 0) [16℄
R(ee→ on) = (N − 1)(N + 1)(N + 4)
2(N + 2) , (4)
whih gives R = 37.8 for the stripping reation 192Os
→ 193Os (with N = Npi + Npi = 8), i.e. most of the
strength goes to the doublet with [7, 1], (7, 1, 0). For
this reason, we assign the states at 103 and 73 keV as
the (τ1, τ2) = (1, 0), L = 2 doublet of the [7, 1], (7, 1, 0)
band.
5Finally, the ground state and the rst exited state of
193
Os are assigned as members of a JP = 32
−
,
1
2
−
doublet
with (τ1, τ2) = (1, 1), L = 1 of the [7, 1], (7, 1, 0) band,
sine neither of these states an be exited by the transfer
operators of Eqs. (2) and (3).
In order to establish the assignments of the energy lev-
els of
193
Os on a rmer basis and to test the preditions
for their doublet struture of either nulear supersymme-
try and/or the partile-triaxial rotor model [17℄, it is of
great importane that the nuleus
193
Os be studied in
more detail experimentally.
III. SUMMARY AND CONCLUSIONS
In onlusion, symmetries and supersymmetries play
an important role to analyze, lassify, interpret and un-
derstand the spetra of omplex many-body quantum
systems. In this manusript, we presented evidene for
the existene of a seond quartet of nulei in the mass
A ∼ 190 region with Uν(6/12) ⊗ Upi(6/4) supersymme-
try, onsisting in the
192,193
Os and
193,194
Ir nulei. An
analysis of the energy spetra of the four nulei that make
up the quartet shows that the parameter set obtained in
1981 for the pair
192
Os-
193
Ir [4℄ is very lose to that of
194
Ir [12℄, whih indiates that the nulei
192,193
Os and
193,194
Ir may be interpreted in terms of a quartet of nulei
with U(6/12)ν⊗U(6/4)pi supersymmetry. The supersym-
metry in this new quartet of nulei is satised with an
auray omparable, if not better, to that found in the
194,195
Pt and
195,196
Au nulei, whih was theoretially
predited almost 25 years ago and onrmed in 1999.
Nulear supersymmetry establishes preise links
among the spetrosopi properties of dierent nulei, a
fat that has been used in this Rapid Communiation to
predit the energy spetrum of the odd-neutron nuleus
193
Os from the known properties of the remaining three
nulei that make up the quartet. Similar relations hold
for other observables, suh as eletromagneti and trans-
fer strengths. Sine the wave funtions of the members
of a supermultiplet are onneted by symmetry, there
exists a high degree of orrelation between dierent one-
and two-nuleon transfer reations not only between nu-
lei belonging to the same multiplet [18℄, but also for nu-
lei from dierent quartets. As an example of the latter,
we are urrently onsidering a set of two-proton transfer
experiments between dierent pairs of nulei in the two
quartets of the Os-Ir and Pt-Au nulei [19℄.
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